Evaluated Activity and Osmotic Coefficients for Aqueous Solutions:
Bi-Univalent Compounds of Lead, Copper, Manganese, and Uranium

R. N. Goldberyg

National Measurement Laboratory, National Bureau of Standards, W ashington, D.C. 20234

A critical evaluation of the mean activity and osmotic coefficients in aqueous solu-
tions of twelve bi-univalent compounds of lead, copper, manganese and uranium at
208.15 K is presented. Osmotic coefficients were calculated from direct vapor pressure
measurements, from isopiestic measurements and from freezing point depression meas-
urements. Activity coefficients were calculated from eleciromotive force measurements
on galvanic cells without transference. Given are empirical coeflicients for three dif-
ferent correlating equations, obtained by a weighted least squares fit of the experi-
mental data, and tables consisting of the activity coefficients of the compounds, the
osmotic coefficients and activity of water, and the excess Gibbs energy of the solution
as functions of thc molality for cach clectrolyte system. The literature coverage is
through the computerized version of Chemical Abstracts of April 1979.

Keywards: Activity coefficient; copper: critical evaluation: electrolvte: excess Gibbs energy; lead;
manganese; osmotic coefficients; solutions; thermodynamic properties; uranium.
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1. Introduction

This paper presents a continuation of work at the
National Bureau of Standards towards the evaluation of
activity and osmotic coefficients in aqueous solutions. Pre-
viously, evaluations have been made for the uni-univalent
electrolytes [1]?, calcium chloride [2], the alkaline earth
metal halides [3], sulfuric acid [4], and FeCl; and the
bi-univalent compounds of iron, nickel, and cobalt [5].
The evaluation procedures have been described [2,3,6] in
substantial detail and a bibliography [7] giving the results

1 Figures in brackets indicate literature references.
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of a search of the scientific literature for relevant sources
of experimental data has been published.

We present our evaluations in detail so that any poten-
tial users of the data, as well as future data evaluators, can
have a better view of the status of the measurements on
these systems. We also give coefficients, obtained by a
weighted least-squares fit of the experimental data, for
three different correlating equations and tables consisting
of the mean activity coefficients of the electrolyte, the os-
motic coefficient and activity of water, and the excess
Gibbs energy of the solution as functions of the molality
for each electrolyte system at 298.15 K. The literature
coverage is through the computerized version of Chemical
Abstracts of April 1979.

The reader is referred to the glossary of symbols at the
end of this paper for the definitions of the various sym-
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bols used throughout this paper. In general, we have at-
tempted to adhere to the recommendations of the IUPAC
[8] with regard to nomenclature and units.

2. Evaluated Activity and Osmotic Coefficients

2.1. Presentation of Data

We have arranged the presentation of data according to
compound. For each compound that has been evaluated we
present:

1. The recommended values of the activity and osmotic
coefficients, the activity of water, and the excess Gibbs
energy per kilogram of solvent at selected molalities, in-
cluding, where possible, values at saturation. The latter
molalities, indicated by (sat) in the tables, were calcu-
lated from the data given in the compilation of Linke and
Seidell [9]. Estimates of the standard deviations of the
calculated values of the osmotic coefficient [o($)], the
activity coefficient [c(y)], and the natural logarithm of
the activity coefficient [o(In y) 1, all at selected molalities,
are given at the bottom of each table.

2. 'The coetficients, standard deviations of the coefficients
[o(coeff) 1, and standard deviation for observations of unit
weights [o(eqin) ] for as many as three different correlat-

ing equations. The corrclating cquations we have used are:

In =_M+Cm+Dm2+Em3+ . (1a)
¥ 1+ Bl T

Iny = — 4u0% — A1 Inl + 3}, BmG+n/z, (2a)

Iny= —4.J% + 3, BmG+n/2 (3a)

The corresponding equations for the osmotic coefficient
become:

$=1+ %43_1_.{_(1 + BI%) + 2In (1 + BI%) +
/(1 + Br%)} +
Y Cm + % Dm® + % Em* + .., (1b)

¢=1-——1—43i1%—%31[1n1+%]+
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(i+1)

N
Zi=1Bi sy

m i+ /2 (2b)

(z+1)

( '+3) m(‘i+1)/2_
12

6=1— %P/z + =X, B; (3b)

For 2-1 electrolytes in water at 25 °C, 4, = 2.3525mol—%-
kg* and 4, = %5 A% = 0.92238 mol—*-kg and 4 is the
constant in the Debye-Hiickel equation and is equal to
1.17625 kg**mol~* at 25 °C. The user should note that in
our tables, where we have given the coefficients of these
correlating equations for the various systems that have
been evaluated, we have used a shorthand notation to
designate the various parameters, i.e., parameter 1 cor-
responds to either B in egs 1, or B, in eqs 2 or 3, param-
eter 2 corresponds to either C in egs 1 or B; in eqs 2 or 3,
parameter 3 corresponds to either D in egs 1 or B; in
eqs 2 or 3, etc. Also, powers of ten are implied in the rep-
resentation of a number, e.g., 0.499-02 is 0.499 X 102
We have retained ten digits for the coefficients in order to
avoid a loss of potentially useful information which might
be of value for some applications in which the derivative
of the activity coefficient with respect to the molality is of
interest. The digits in excess of those required to cnsure
a precision of 0.001 or better in the calculation of ¢ or Iny
have not been underlined. Unless indicated otherwise the
coefficients for eqs (la) and (1b) were used to produce
the activity and osmotic coefficients given in the tables of
recommended values.

3. The calculated values of ¢ and/or y/v.: obtained
from the experimental measurement reported by the various
authors and the weights assigned to the various data sets.
Tt should be noted that, in most cases, these are not original
data, but rather the result of an intermediate calculation.
Individual data points designated by an asterisk (*) were
given zero weight.
and

4. A deviation plot in A¢ and/or Ay as a function of
the molality. In these plots the symbol A means “observed
minus calculated” values.

The excess Gibbs energy AG®*, is given by AG®™* =
G — Gigew = vmRT(1 — ¢ +1Iny).



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS

Recommended Values for the mean activity and osmotic coefficient of PbCl2

2.2. Evaluated Systems

PbCl,

Coefficients of Correlating Equations

1007

in HZO at 298.15 K

m/mol-kg-] Y [} a, AGex/Jokg—]
«001 «8548 «S447 9993949 —1le
«002 « 7970 «S209 «S95900 -2
«CO0Z «75ES «S041 « 583853 -4
« 004 e72E2 «8G12 « 959807 —Ge
« 095 «65G87 «8828 e999762 —-Ge
« 006 «6782 8721 «999717 —-12e
« 007 «6556 86456 e3IG9673 —15.
« 008 6432 «8580 999629 —18e
« 009 «6285 «8520 «939586 —-21e.
«010 eG152 084065 0999543 —-25.
« 020 «5197 «7991 « 999137 —67e
«030 «4E41 7542 e 558778 -121.
.039(sat).4118 «7256 «998468 -178.
m/mol-kgw] o (#) o (any) oly)
<001 «0006 «0GJi1i6 «+0014
«010 «C022 #0030 «0013
«100 e7012 8673 1.8686
« 039 « 0058 006593 «0024
Eqs 2 Egs 3
coefficient o (coeff) coefficient o (coeff)
-.6625917316+02 .376+01 ~-.4630334060+02 .377+01
.8502334591+03 .903+02 .6909273162+03 .905+02
- . 1589254073+04 .686+03 -.3776846012+0k .687+03
.8390746759+0k . 165+04 .7148607276+0k4 . 166+04
o(eqs 2) = .841-02
o(eqs 3) = .843-02

Experimental Data Employed in Generation of Correlating Equations

Alimand and Hunter [15].
Pb(Hg) (%) Pbclz(m); AgC1(s), Ag(s). m

0.0010"mol +kg~1

m/mol kg™

«039084
« 031623
«0285119
«219Q953
«015849
« 012589
«010C00
« 007943
«006310
« 005012
«003981
« 003162
«002512
«0015%5
«001585
« 001259
+001000
« 000794
+ 000631
«000501
«0C0398

i

Assigned weight is 1.0.

ref

Y/Yref

«4806
5245
«S5694
«6135
«6524
06903
«72€5
e7607
«7882
«8168
« 8398
«8681
« 8970
9249
« 9509
09751
1.0000
1,0176
1.0381
140563
1e0722%

Emf measurements.

Allmand and Hunter [15].

m/mol-kg~

Carmody

m/molekg

«000316
« 000251
« 000200
«0C0158
«0C0126
«000100

1

« 0000794

[16]. Emf measurements Pb(Hg){2);
PbCIz(m) AgCl(s), Ag(s), m
Assigned weight is 1.0.

-1

+000620
«001034
«001337
¢« 002348
«002620
¢ 005160
+C10390
« 020480
« 029550
« 039050

(Continued)
V/Yref

140996%
1¢1188%
le1445%
1¢1705%
142035*%
1.2569%
1+3166%

= 0.0002116 mol+kg~!.

Y/Yref

«9495
«9150
« 8939
«8400
« 8308
e 7467
«6463
5411
«4849
04412
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1008 R. N. GOLDBERG

Hannan [17]. Emf measurements. Pb(Hg)x(§z;
PbClz(m); AgC1(s), Ag(s) mpqf = 0.00050 molekg™'.
Assigned weight is 1.0.

m/mol+kg Y/Yref
«001000 «9605
« 002000 28956
«005C00 « 7849
«010000 06748

Comments

All three electrochemical investigations appear to have been carefully performed and are in reasonably
good agreement with one another. The results reported by Allmand and Hunter [15] appear anomalous at the lowest
molalities. We have decided to give these eight data points zero weight because, if they were correct, it
would indicate that y has become substantially greater than unity at the lowest molalities. We find this
difficult to accept and we prefer to believe that these difficult measurements, performed in very dilute
solutions, have some systematic error(s) associated with them. The effect of the solubility of the silver-
silver chloride electrode was considered but no correction was applied since the error in y/ypes is less than
0.003 at a molality of 0.000079% mol-kg'], which is the lowest molality for which there is experimental data.
Egs | could rot be used for this system since too negative a value of the B coefficients is required: this, in
turn, requires tne taklng of the logarithm of a negative number in the catcuifation of the osmotic cuerficient.
We have based the table of recommended values on the coefficients for eqs 3.

3.000 - - - . . v : . . — -
2.500 | ]
2.000 | 1
1.500 | !
1.000 | ;

.500

2

x10%
(o]
-4
b

~.500 |4 + 1
A
A
-1.000 | +
—-1.500 } 1
-2.000 | |

-2.500 P

e " " N "

.0100 .0200

-3.000 o - 0300 .0400 .0500 .0600
Molality/mol kg™

Deviation Plot For PbClz: Ay vs molality

A Alimand and Hunter [15], emf measurements
4 Carmody [16], emf measurements

X Hannan [17], emf measurements
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ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 1009

Pb(ClO,),

Recommended Values for the mean activity and osmotic coefficient of Pb((:lol‘)2 in HZO at 298.15 K

m/molekg

«001
« 002
« 003
«004
«00S
«006
2007
+008
L] 009
«010
« 020
«+030
« 040
« 050
+060
«070
« 080
090
¢100
«200
« 300
« 400
500
«600
«700
«800
« 900
1.000
14250
1.500
14750
2000
24 250
2.500
24750
3.000
3250
34500
34750
4 .000
44250
44500
44750
54000
54250
54500
5750
€000
Se 250
6500
6750
7.000
7250
7500
T¢750
84000
84250
84500
84750
9000
9e250
94500
S.750
10.000
10.250

Y

«8886
«8510
«8248
«8043
«7874
«7729
e7602
«7489

¢ 7368

« 7295

e 6658
«6275
«6005
[X-1-1'21%
5638
«5505
5393
«529H8
5216
«4765
04604
«45856
4577
4638
4732
«4883
04997
«S5163
05668
«6302

« 7073

« 7995
«9086
10367
le1862
13600
le5611
17928
200586
2.36285
2¢708S
3.1008
365440
440426
4,6016
S5.2258
S5¢9204
646904
Te3J3413
804783
9¢5070
1046329
11.8619
131995
14.6519
162248
179244
1947565
217270
2208414
26.1049
285217
31.0951
338270
3647170

[
«9€23
«9494
«940S
«9335
9277
5227
9184
«914¢€
9112
«G9081
8876
«87€2
«B690
[X-1-1.3 3
« 8608
«858S
« 8570
~A561
+ 8556
«8€38
8815
«9028
«9260
« 9507
9764

1.0029
140303
1.0£83
141309
1.20€5
1¢2843
13637
le444l
1.5250
16059
1.6865
le7662
1+8449
1le9223
1.€9080
240719
2¢1439
242138
2.2814
243468
204099
204707
245291
Z2e¢35853
246391
206908
27404
27878
248333
2.87€9
209186
29585
249968
3.0335
340686
3.1021
301342
3.1€47
341938
3e.2212

a
-
999948
*559897
«999848
+559798
«999749
+699701
999653
+599605
999557
+599509
«999041
+558580
«998123
eSS 7668
0997213
+ 996757
«996302
»9C8RAS
«995386
»$90706
«985809
«980673
0975286
965642
963736
«957562
e951120
* 944407
926442
906821
«885618
+862946
«838948
+813793
+ 787665
«760758
7323271
+705399
677332
« 6492490
621316
« 593682
566480
«536826
«513816
«488531
«464034
« 440374
817584
+355688
*374695
+354609
«335422
317123
259694
¢283115
«267360
«252406
238224
224788
«212070
«200046
.188689
«177976
.167884

86%%/3e1g7t

=1le
_2.
-3
~4e
~6e
—8e
~104
=12
—14.
=17
-44
~76e
-113.
—152e
—-194,
—237e.
-2824
—32Q.
=377
-900.
—1466.
-2048.
—2631.
-3208.
-3772¢
—4319
—-48464
~5350.
—6495.
=7 454,
~8206.
~8737
-9035.
-9091.
~BB8YSe
—-B454.
-7755.
~6798¢
-5584.¢
-4113.
—2388e
-409.
1819
4294,
7012,
9969
13159.
16580
20225
24091,
281724
324636
36960,
41659,
46553,
51639«
S691 3.
623706
68005
738164
79797
85944,
92255
98723
105347,

J. Phys. Chem. Ref. Data, Vol. 8, No. 4, 1979
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(continued)

m/mol+kg ! Y [} a, AGex/J°kg
10500 397624 362471 158394 112120.
10.750 42.9568 32712 0146486 1190400
10+ 830(sat)} 440089 342785 e146756 121284,
11000 4€Ce28S7 362934 141144 126101,
11.280 49,7453 33137 «133350 133298,
11500 S3.3014 33317 ¢126093 1406264
11750 56.9285 3e3472 e1193€1 148080,
12000 6045883 363599 e113144 155653
12.250 64,2330 33696 «107433 163339
124500 6748041 343757 0102225 171129
124579 68.90€4 33769 «100683 173611,
mimol-kg™  o(g) o(any) o(y)
2001 20001 «0002 20002
«010 «0007 «0016 «0012
e100 «0023 ¢ 0065 00034
1.000 «0017 « 0093 « 0048
20000 00022 « 0084 ¢ 0067
5.000 <0018 + 0090 « 0364
106000 00018 «0086 2897
12579 «0045S + 0094 26491
Coefficients of Correlating Equations
Eqs 1 Egs 2 Egs 3
Par coefficient o (coeff) coefficient o (coeff) coefficient o (coeff)
1 . 1607853232401 .407-01 .8672015468+00 .251+00 .9059790425+01 .281+00
2 .3325691636+00 .173-01 .9879588196+01 .877+00 -.1238527895+02 .983+00
3 .9833506008-01 .623-02 -.7540781480+01 . 134401 .1124508986+02 . 150401
4 - . 16549240822-01 .108-02 .910253944+01 L112+01 -.5350840933+01 .125+01
5 .T096664345-02 .864-0L -.2100887673+01 .541+00 2261187066401 .606+00
6 -.2798170130-04 .257-05 .5395236465+00 .153+00 - .1987%39586+00 <171+00
7 ~.7535352487-01 .232-01 .6250272461-01 .260-01
8 .1358133764-02 L 147-02 -.3%09882510-02 .165-02
agflegs 1) = .463-02
oleqs 2) = .4h6-02
o(eas 3) = .499-02
Experimental Data Employed in Generation of Correlating Equations
Biggs, Parton and Robinson [18]. lsopiestic Biggs, Parton and Rohinson [18]. lsopiestic
measurements, reference salt is CaClz. Assigned measurments, reference electrolyte is stoh'
weight is 1.0, Assigned weight is 1.0.
mimol~kg ! ) m/mol ~kg” ! )
298.15 298.15
0095290 ¢8558
«200100 «8647 9.324C00 341239
«40C800 9043 10.074000 302078
« 763200 29926 10397000 3e2346
« 803000 140026 11.014C00 302966
«868500 1.0213 11.094000 3.3008
14025000 140649 11520000 363256
14330000 141543 12579000 3.3794
14712000 12758
14999900 143603
3401500 146877
3.928000 19780
44327000 200995
4675000 241958
40861000 202459
$.315000 243612
64109000 205489
60827000 207637
74397000 248193
Te 5920600 208439
8.294000 2.9657
9304000 301005

J. Phys. Chem. Ref. Data, Vol. 8, No. 4, 1979



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 1011
Comments

It should be noted that the data apparently extend to supersaturated solutions.

3.000 . — . . . . -
2.500 |
2.000

1.500

x10+2
o
{D
>
H

Ap

-.500 | 4 s
-1.000
-1.500
~2.000 }

-2.500 t

3000 2.00 4.00 6,00 8.00 10.00
Molality/mol kg™

12.00

Deviation Plot for Pb(cmq)zz AB vs molality

A Biggs, Parton and Robinson [18], isopiestic vs (IaCI2

4 Biggs, Parton and Robinson [18], isopiestic vs H,s0,
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Recommended Values for the mean activity and osmotic coefficient of Pb(NO

m/mol-kg™L Y
«001 «8825
« 002 +8398
«C03 08092
«004 «7846
« 005 7639
« 006 «7459
« 007 7296
«008 «7185
« 009 7024
«010 «6903
020 «6038
«030 05486
¢ 040 «5081
«050 4764
¢ 060 ¢4505
«070 4288
« 080 «4101
«090 «3938
+100 03754
«200 «2009
0300 02455
«400 2162
500 ¢1950
«600 «1786
¢ 700 1682
« 800 «1539
¢ 900 el4sl
1.000 «13S€
14250 1182
1500 «10S53
14750 0960
14830 (sat) <0938
1.988 «0904
m/mol-&g—1
«001
010
«100
14000
1.988
Coefficients of Correfating Equations
Eqs 1
Par coefficient o (coeff)
1 .4873110384+00 .557-01
2 .5]75873883+00 .178+00
3 .1091921693+00 .942-01
; . 1027104527+00 .220-01
6
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Pb(NO,),

302

in H2

0 at 298,15 K

ex -1
[} ay AG™/JIokg
+9590 599948 ~1le
«9431 +559898 -2,
¢S313 0569849 -3
«5216 +559801 -Se
9133 999753 -7
9059 «$99706 -9,
08593 999660 —11e
«8932 «999614 ~14e
« 8876 ¢999568 -16.
8824 *599523 -19
8431 999089 -52,
8161 eSS8ETB -93.
«7954 998282 -143,
«7785 «997898 -193,
«7643 997525 —-251.
e 7Z21 ¢eS5S7159 =312e
e 7414 «S96800 -3764
«7319 +696446 ~444,
«7234 +596098 ~515,
«&EEB7 « 592798 —-13414,
6391 «989691 -2329.
«6188 «986711 ~3422,
6027 «983845 -4601.
.5884 «S81101 -5850.
«5749 978486 ~7161.
«SE16 +976008 -85264
5486 973668 —-9943,
«E357 «971461 -11406.
5057 «966415 -15252.
4822 561662 -19332.
«4710 2956433 -23606.
4710 954489 -25008.
«4773 +$50008 -27811.
a(®) o(4n aly)
«0001 «0002 «0002
«0007 «0016 «0011
.0029 «0077 <0029
« 0024 0092 0012
<0059 «0108 «0010
Eqs 2 Egs 3
coefficient o (coeff) coefficient o {coeff)
-.1109699871+02 .411+00 .4247477753+00 .330+00
.5384915958+02  .230+01 556992986+02  .185+01
-. 8636961 144+02 .529+01 -.3592544184+02 Jh2b+01
.7821079421+02  .596+01 .3633476380+02 478401
-.3625567602+02 .325+01 -.1760808369+02 .261401
.6730022646+01 .689+00 .3334925159+01 .552+00
alegs 1) = .736-02
o(eqs 2) = .483-02
oleqs 3) = .387-02
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Experimental Data Employed in Generation of Correlating Equations

Biggs, Parton and Robinson [18]. 1Isopiestic Motornaya and Ben'yash [21]. Isopiestic
measurements, reference salt is Ca012 Assigned measurements, reference salt was not specified by
weight is 1.0. authors. Assigned weight is 0.30.

-1 =1

m/mol-kg ﬂ298.15 m/mol+kg ¢298.|5
+088010 7533 % «2€0000 «6920
+143700 7148 % «400000 <6280
* 246400 06683 « 600000 +5880
«305700 *6494 «820000 «5580
¢325000 «6436 14000000 +5330
+345900 «6378 1.200000 «5110
2429500 *6173 1.400000 «4940
+522200 +5968 1.606000 +4810
+675200 +5715 14758000 4770
«8511090 5456

0924500 «5378

1.055000 ¢ 5259

14165000 ¢5112 Plake [22]. Freezing point depression
1279000 +5013 measurements. Assigned weight is zero.

1.487000 4884 -1

1627000 «4800 m/mo]-kg ”298 15
1825000 e4733 e e —_—

1.988000 2 4€52 .000809 .2822

«001620 e2703

Hausrath []9] Freezing point depressien « 003240 «2571
measurements. for Zn(NO? and the Debye-Hiickel 'gfeggo 02447
limiting slope ( 50.38 JeK™ -mol 1/2) for & was used «015800 -?316
in treatingthese and the other freezing point depress- 'g:g;gg .:19:1,
jon data for this system. Assigned weight is 1.0 :163000 :2;;7

-1 «303000 1982

m/molekg ”298.]5

«000413 10317 %

«000787 9733 Randall and Vaneslow [23]. Feeezing point
«001204 «9480 depression measurements. Assigned weight is 1.0.
«001754 e9422 -1

«002425 .8802 * m/mol +kg $r98.15
«003450 .0038 ——— e
+004495 +8996

«008570 « 8884 « 000960 «9500
+000988 140161 % +001400 9518
«a001457 «9503 « 002090 9428
«0020%5 «9372 +002880 «9306
+002805 +9235 2004390 9174
«003154 1.0318 * «006500 « 8975
¢ 004332 e 8976 « 009130 «8801
«+00S072 « 8908 «030800 ¢ 7953
«000123 09552 ¢« 076200 ¢7333
« 000362 «5842 «+0009490 e 9619
« 000780 09567 0001840 09439
.001617 .a3a1 .004290 .9161
« 003157 09195 «007340 e8913
+005808 «8969 «022670 «8203
«009022 «8759 2020170 8277
«017370 « 8379 +044350 » 7753

Motornaya et al. [20]. Isopiestic measurements, »089670 7220

reference salt is CaClz. Assigned weight is 0.30.
-1
m/molekg . ﬂ298.15
1160000 «5082
1329000 «4967
1520000 « 4866
1652000 «4819
14758000 04771
1160000 «5082
14318000 4827 *
1575000 4838
14650000 «4800
17580006 e4783
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Comments

The isopiestic data of Biggs et al, [18] merge very nicely with the freezing point depression data of
Randall and Vaneslow [23] once the data for the lowest two molalities of the former data set have been discarded.
The more recent isopiestic data of Motornaya et al [20] and of Motornaya and Ben'yash (21] are also in
reasonable agreement with the results of Biggs et .al [18]. Conrad [24] reports data for a concentration cell
with transference utilizing lead-mercury amalgam electrodes. However, in the absence of transference numbers,
this data set cannot be treated. The freezing point depression measurements of Plake [22] are totally
unreasonable and were given zero weight. Plake's [22] boiling point elevation data and Ratner's [25] vapor
pressure data at.70°C were not created since the temperature corrections to 25°C are large and uncertain.
One data point of Biggs et al. [18] apparently refers to a supersaturated solution.

3.000 . e A e ———————— ——— —r

2.500
2000 } a2

1.500 | &

T

1.000 $ o

500

&

0 — o5 X

Ay
x10t2

-.500
~1.000% 2 4
~1.500
-2.000

-2.500

-3.000 * U

0 .200 .400 .600 .800 1 000 1.200 1.400 1.600 1.800 2.000
Molality/mol kg

Dewatlon Plot for Fb(NO3)2 AP vs molality

A Biggs, Parton, and Robinson {18], isopiestic vs CaClZ
Hausrath [19], freezing point depression

Motornaya et al. [20], isopiestic vs Cacl2

Motornaya and Ben'yash [21], isopiestic vs ?

Plake [22], freezing point depression

N XM QO X +

Randall and Vaneslow [23], freezing point depression
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ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 1015

CuCl,

Recommended Values for the mean activity and osmotic coefficient of CuCl2 in H,0 at 298.15 K

m/molokg” ! ¥ ) a, 268%/3ekg™!
«001 «8873 «S616 ¢ 559948 —~1e
«002 «8487 «5481 «995898 -2
«003 «8216 « 5386 «999848 -3e
« 004 «8003 9311 e 659799 -5e
« 005 07826 3248 959750 —6e
+006 7674 9195 999702 -5e
0007 7541 09147 « 999654 -10.
«008 07423 5105 *999606 —12¢
« 009 «7315 5067 «999559 —1Se
.010 7217 -9033 -.99a512 —-17.
«020 «6538 «8796 0999050 —45,
« 030 «€124 « 8659 598597 —-T79
«040 «5831 «8567 «S98150 -118e.
« 050 «5606 «8501 0997705 —159.
« 0560 «S427 «8453 e997263 —204.
«070 €278 8417 ¢ $96821 -250.
« 080 «S51£3 «8390 996379 —299e.
«090 «5046 «8370 e S995637 —349.
«100 e49E2 «8356 ¢« 995494 —400.
« 200 04415 «8358 991006 —~972e
«300 «4183 «8466 986368 -1602.
«400 «4066 «8605 «981570 —2262e
« 500 «4007 «€754 0976622 —2937 e«
« 600 3982 «8S06 971534 -3620.
«700 «3580 «90586 « 966319 —4305.
« 800 2992 eS203 «560989 —4990.
«900 «4015 «9346 ¢ 955556 -5670e
1.000 «4046 «5485 « 950030 ~6346.
1.250 4146 «9810 e 935877 —~8007.
1.500 4266 1.0103 9213557 —9617.
1.750 «4397 103568 e 906596 -11173
2000 4531 1.0604 «891700 —-12673.
2 250 4667 1.0816 e 876757 -14117e.
24500 <4802 1.1C904 «861838 —-15507.
24750 4934 11173 846998 —16846.
3000 «S5063 11323 e 832279 —18135.
36250 5189 161457 e817709 —-19377.
3500 5312 11879 « 803303 —-20575.
3750 «5432 lel1683 0789069 —21730.
4,000 «554¢ 11790 «775900 —22845.
4.250 .6665 1.1886 761004 —239214
4.500 5781 1.1877 747298 —24958.
4,750 «5897 142067 e 733614 -25959.
5000 «6015 1.2157 e 719996 —-26923.
56250 «€136 1e2249 e 706404 —-27849.
5.500 6263 1.2347 06927390 —28738.
5750 «6397 1.2452 «679104 —29588.
m/mol-kg'] a(p) o(&ny) o(y)

«001 «000C0 «+0001 «0001

«010 «0C02 «00065 «00C4

«100 «000S <0024 «0012

1.000 «0007 «0035 «0014

Z2.C00 «00CS «0032 «0015

5.0C0 «0017 «0042 «0025

56750 «C033 «0045 0329

J. Phys. Chem. Ref. Data, Vol. 8, No. 4, 1979



1016 R. N. GOLDBERG

Coefficients of Correlating Equations

Egs 1 Eqs 2 Eqs 3
Par coefficient o (coeff) coefficient o (coeff) coefficient o (coeff)
1 .1364012482+02 .131-01 .3850362139+00 .207+00 .1070227413+02 . b40+00
2 .3521422676+00 . 744-02 .1062009149+02 .852+00 -.2257992723+02 221401
3 -.1836702212-01 .242-02 -.8257488997+01 . 149+01 .3436092748+02 .488+01
4 .3122205079-02 .258-03 .5160485129+01 . 138401 -.3405642618+02 .590+01
g -.2093950846+01 .700+00 .2132204383+02 419401
.§792176667+00 .185+00 -. 8118651681401 174401
g -.5€545811863-01 .198-01 .1712850567+01 . 389400
-.7532701426+00 .364-01
oleqs 1) = ,425-02
oleqs 2) = .369-02
agleqs 3) = .370-02

Experimental Data Employed in Generation of Correlatiny Equations

) Downes and Pitzer [26]. Isopiestic measurements, Huang and Pan [27]. Freezing point depression
reference salt is CaCl,. Assigned weight is 1.0. measurements. The ¢, and ¢ data for Cu(C104),
-1 given in the table of auxiliary data were used
m/mol-kg 250815 in treating these and the other freezing point
- I depression measurements. Assigned weight is zero.
«187500 +8367 .
«239800 «8383 m/mol-kg 808.15
«315400 8474 E—
:3ﬁ;ggg :22if 2002500 «9803
« 519900 eB8744 « 003500 « 9709
.692000 8998 « 005300 «9243
«835200 «9190 +007400 8986
+852700 .9235 * 009600 +8881
14027800 «9487 +015200 8690
1168400 09691 +017400 +8587
14370300 9923 +022000 +8450
1599500 1.0215 028500 +8331
1.838100 140455 ‘gif:gg 'giéé
L] L]
24248200 140755 .048900 7969
¢ 049500 07956
Downes and Pitzer [26]. Isopiestic measure- «0€8500 +7€46
ments, reference salt is NaCl. Assigned weight is ¢« 076500 «7554
1.0. « 098000 e 7€22
m/mo1-kg”! 9298.15
—_— - Jones and Getman [28]. Freezing point depression
«225400 «8367 measurements. Assigned weight is zero.
+275000 .8441 -1
+356400 e8523 m/mol«kg ¢298.15
«373100 «8552 _— —_—
«505100 «8721
-632223 «8914 «065050 9112
«68 «9005 - 130300 «8804
'8§2§gg +9188 «261000 8798
8 e9274
«883200 «9269
1.015500 +9479 Jones and Pearce [29]. Freezing point depress-
i‘g:;zgg ‘g:iz jion measurements. Assigned weight is zero.
L3 .
1.309800 «9874 -1
1.379700 +9946 m/mol+kg 898.15
1.565800 1.0179 EE— —
1.,684600 1.0280
1.901900 1.0498 -010000 1.0195
1.939700 1.6451 +050030 «8923
«075070 + 8847
100100 «8718
«250800 «8798

J. Phys. Chem. Ref. Data, Vol. 8, No. 4, 1979



ACTIVITY AND OSMOTIC COEFFICIENTS FOR AQUEOUS SOLUTIONS 1017

Robinson and Stokes [30]. Isopiestic measure- Brown [39]. Isopiestic measurements, reference
ments, reference salt is KCl. Assigned weight is salt is CaClz. Assigned weight is 1.0.
1.0.

m/mol-kg_‘ [} mimol ek -1 8
298.15 s 298.15
«108500 08439 24236000 10710
112800 « 8452 34100000 1.1342
« 204800 8382 3466000 1.1533
247400 8437 3.887000 1.174a
251600 <8435 44226000 1.1832
0359800 «8619 4.482000 141939
533400 +8813 4.701000 1.2015
«655500 +9006 5.033000 12183
¢723600 9168 5367000 12346
«838800 «9307 54750000 12447
«937800 09449
1.054000 9612
14206000 e9795S
14259000 9837
1,297000 9892
1.328000 9912
1481000 10080
14553000 10220
14847000 140524
1.98586000 1.0€3S
24111000 140755
24415000 11019
24530000 101080
24652000 141155
24769000 lel248
comments

The isopiestic data of Downes and Pitzer [26] are in good agreement with the earlier results of
Robinson and Stokes [30] and Brown [39]. The freezing point depression data do not appear to be very
accurate, If the solubility tabulated by Linke and Seidell [9] is correct, one data point of Brown's
[39] refers to a supersaturated solution.
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Deviation Plot for CuCIZ: AP vs molality

Brown [391, isopiestic vs CaClZ
Downes and Pitzer [2G], isopiestic vs CaCl,

Downes and Pitzer [26], isopiestic vs NaCl
Huang and Pan [27], freezing point depression
Jones and Getman [28], freezing point depression

Jones and Pearce [29], freezing point depression
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Robinson end Stokes [30], Isoplestic vs KCI.
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(:ll(‘:l()4)z
Recommended Values for the mean activity and osmotic coefficient of Cu((:lOL')2 in HZ‘O at 298.15 K
‘m/mol-kg_l Y 8 ex -1
—_— L a AG™/J kg
<001 +8905 <9634 +599948 -1,
«002 «854S «9E14 e 559897 -2
«003 «8296 9432 959847 -3
+004 «8104 +9370 «959797 -4,
«005 7946 «9319 999748 —6e
«006 «7812 9277 0¢G5S 699 ~8e
« 007 07695 9241 « 995650 -10.
.008 7592 *9209 «999602 -12.
«009 «7499 .9181 «999554 -14,
«010 .7415 «9156 «999505 -16.
«020 «6849 *9002 0959027 -41,
030 6521 «8631 +998553 -72.
«04D «6298 e8896C e 598079 —10Se
<050 €135 .8881 «S97603 -140.
<060 «6010 «8880 0997125 -177.
«070 «5911 8887 «996644 ~216.
<080 5832 «8900 556159 -255,
+090 5768 .8518 «965671 ~296.
«100 «5716 «8940 «995180 -337.
«200 5534 «9260 «590041 -770.
« 300 5629 ¢ 9657 0984464 —-1206.
«400 5854 1.0089 «978426 -1619.
«500 6168 1.0544 «971508 ~1999.
«600 <6561 1,1020 4564896 -2336.
«700 «7028 1.1514 0987375 -2624.
+800 7573 1.2025 ©949337 -2859.
<900 «8200 1.2552 «940773 -3036.
1.000 +8918 1.3094 931678 -3153,
1.250 1.1179 1.4513 «906607 -3159.
1.500 144290 1.6014 «878253 ~27264
1.750 1.8563 1.7586 +846768 ~1822.
2.000 2.4448 1.9220 812411 -418.
24250 32563 2.0904 e 775535 1505,
2.500 4.3791 2.2629 « 736571 3978,
24750 5.9346 2.4383 «696009 7005,
3.000 8.0913 2.6155 «654374 10603,
3.250 11.0798 2.7935 «612209 147824
3.500 15.2137 2.9712 «570050 19548,
3.557 16.3558 3.0114 «560509 20716.
mmol-kg™  s(@) o(iny) a(y)
+001 «0003 +0008 «000S5
«010 <0016 <0036 <0026
«100 <0043 «0131 «0075
1.000 <0029 «0158 +0140
2.000 <0030 <0152 «0373
3.557 <0055 <0157 «2561
Coefficients of Correlating Equations
Egs 1 Egs 2 Eqs 3
Par coefficient o (coeff) coefficient g (coeff) coefficient o (coeff)
! -1919717293+01 . 984-01 .2257716470401 322400 .9636429133+01  ,390+00
2 .6710180343+00 .392-01 .8937781666+01 .894+00 -.?7335534§3+oz .?gs+01
3 .17254723689+00  .180-01 -.3137567384+01 .971+00 .8393756854+01 .118+01
4 -.1593987363-01  .278-02 .1156592753+01  .469+00 -.3000756643+01  .568+00
5 -.1927565769+00 .843-01 .4210928109+00 .102+00
o(eqs 1) = .600~02
oleqs 2) = .626-02
oleqs 3) = .757-02

J. Phys. Chem. Ref. Data, Vol.
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Experimental Data Employed in Generation of Correlating Equations

Libus and Sadowska [311,
isopiestic measurements, ref-
erence salt is KCI.

weight is 1.0.

«111100
«374400
«G65T900
«808800
1.032800
1.387500
1.,690100

Comments

mfmol 'kg-]

Assigned

£598.15

« 8926
1.0019
141302
1.2076
1.3258
15330
17283

Libus and Sadowska [31],
isopiestic measurements, ref-

erence salt is Mg(CIOl,)Z.
Assigned weight is 1.0,

i

m/mol-ky

2.847100
3190300
2.556900

%398.15

245138
247545
3.0088

Libus and Sadowska [31],
isopiestic measurements, ref-
erence salt is NaCth. Assigned
weight is 1.0.

m/mol kg~ 5298 15
1.879200 1,8337
24622900 243423

Lilich and Andreev [32].
Vapor pressure measurements.
Assigned weight is zero.

m/mol-kg ﬂ298.]5
292000 9840
«790000 1.1402
1.228000 1.,4255
1.788000 1.7601
24456000 2.2245
2,975000 2.5756

We prefer the isopiestic measurements of